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INTRODUCTION 
Background 
The dweller in the modern city expects regular collection of 
household solid wastes. He is less concerned with the disposal of 
those wastes unless the method used causes a nuisance to him. Fur-
nishing this service is an important item in the budget of the col-
lection agency, either municipal or private, varying from $1.50 to 
$8.00 per capita per year and tending to the higher values in the 
larger cities (Ehlers and Steel 1965). As metropolitan areas in-
crease in size, disposal sites must be located further and further 
from the central city, and hauls become longer and more costly. In 
the early 1970's, transfer stations have aided in reducing the col-
lection cost. Large amounts of materials must be collected, and 
these amounts vary throughout the year, and of course, increase as 
the municipality grows. Health problems may arise, and always there 
is the possibility of nuisances such as noise, odors, and street 
litter. 
The most economical solution to the problem may be an area-
wide, or perhaps a county-wide, refuse collection and disposal ser~ 
vice. But planning on an area basis is not easy because of the 
numerous separate cities, counties, and towns that comprise an area. 
In a few areas this has been done, but inertia, distrust of innova-
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tions and, in some cases, legal difficulties are delaying organiza-
tion that may have to -be-established sooner or later. 
Solid waste management falls within that range of public 
expenditures which is too large to be considered trivial and yet 
not large enough to be beyond the comprehension of the average 
householder. The estimated annual cost in the early 1970's for 
solid waste collection and disposal is $6 billion. Our 48 largest 
cities are spending nearly 50 percent of their environmental bud-
gets on solid waste management (National League of Cities and the 
v 
United States Conference of Mayors 1973). 
What combinations of funding at the municipal level produce 
the best results in solid waste management? Since many communities 
cannot fund their solid-waste programs through general-obligation 
bonds, the utility concept (comparable to that on which gas and 
electric companies are based) appears increasingly attractive 
(Glysson, Packard and Barnes 1972). 
Efficiency, implementation, practicability: sooner or later, 
these reduce to cost factors; and in solid waste collection most 
likely less is known about costs than about any other aspect of the 
problem. For individual collection methods the data are poor, being 
generally fragmentary and uncorrelatable. But 'for the overall pro-
blem, the cost data are worse than poor, being either speculative 
or nonexistent. Despite heroic efforts from organizations such as 
the American Public Works Association and the Environmental Protec-
tion Agency, the hard fact is that we have barely begun to view the 
3 
cost problem. It is treated as a random collection of ad hoc local 
problems to be attacked by different localities with varying degrees 
of success. Consequently, the challenges of the 1970's are concerned 
less with solutions than with the problem itself--with identifying 
it and thereby bringing it within a manageable context. And such 
identification is primarily a matter of dimensioning the alterna-
tives, of assigning true costs, of learning just where we are so 
that we can decide where we could and should be directed (Glysson, 
Packard and Barnes 1972). 
How much is a transfer station really worth? Is it only the 
capital investment? How about all the preparatory legal work, the 
time spent on public hearings, the effort spent in passing bond 
issues, and so on? Would the taxpayer pay less for private collec- ~ 
tion? Can't we find some way of identifying those costs that have 
thus far been allowed to remain hidden (Glysson, Packard and Barnes 
1972)? Some city managers and teachers of accounting say that the 
benefits to be derived from having full-cost estimates at hand does 
not justify its additional cost. It seems that the issue relative 
to solid waste collection could be brought more sharply into focus 
by providing an answer to the following question: '~auld the r~­
porting of solid waste collection costs on a full-cost-recovery 
basis significantly increase the figures now being reported by 
public administrators?" Proper cost accounting procedures and 
maximal cost-effective solid waste management systems must become 
operational realities across the country as they are now in several 
model municipal and county programs (National League of Cities and 
the United States Conference of Mayors 1973). ~ 
Scope and Purpose 
The objectives are: (a) develop a mathematical model that 
would place the reporting of solid waste collection costs in both 
the private and public sectors on comparable bases, and (b) use the 
model to analyze solid waste collection costs in both sectors. 
These objectives were accomplished by studying cost data provided 
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by three municipalities and three private concerns. Information was 
gathered primarily by on-site analysis of cost accounting records. 
In order to limit the scope of the study, only the economics 
of collection was considered, although, it was realized that a comr 
prehensive analysis should include collection, disposal, and recla-
mation. 
This study relates to cost accounting procedures. In the 
words of Theusen and Fabrycky (1964), "The essential prerequisite 
of successful engineering application is economic feasibility." In 
other words, an attempt was made to synthesize applicable elements 
of the two disciplines (Solid Waste Management and Cost Accounting) 
to produce a more realistic mathematical model for computing the 




Cost accounting is not an exact science, neither is solid 
waste management. Cost accounting is intended to tell decision-
makers the cost of various activities. But, the precision and the 
accuracy of financial information developed by cost analysts can be 
greatly influenced (distorted even). by both the types of cost ele-
ments included in the computational process as well as by the method 
used for estimating the cost of each element. For instance, in the 
estimation of the valuation of a downtown lot, estimates of differ-
ent appraisers might vary two-fold. Similarly, in estimating the 
cost of refuse ·collection, if City A included vehicle maintenance 
and City B does not (because all city-owned vehicles are maintained 
at a central shop), estimates of cost for refuse collection from 
the two cities are hardly comparable. 
Now, the effects of different bookkeeping methods on the 
reported costs of different municipal services might not make much 
difference if one were looking at the city as a discrete entity: 
the taxpayers pay about the same amount of taxes, whether vehicle 
maintenance is charged to the sanitation department or to the motor 
pool. But, what happens if XYZ Rendering Service offers City B so 
many dollars per ton for refuse delivered to the landfill? Would 
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it be proper for the city fathers to compare the routine city cost-
figure with the bid from XYZ Rendering? The company's bid must pro-
vide not only for recovering all costs, but must provide for earning 
a profit in the process. 
It had been the author's impression for some years that in 
general the government, both federal, state, and local, uses a dif-
ferent system of accounting than does private enterprise, and that 
this difference frequently biases reported costs in favor of the 
government when comparisons are made. With this hypothesis in mind, 
discrete inquiry was informally addressed to responsible representa-
tives of the cities and counties within the Greater Orlando Standard 
Metropolitan Statistical Area (SMSA) regarding the cost accounting 
process each used in calculating the cost of solid waste collection 
and disposal. Responses varied. Two cities reported that all rele-
vant costs--both direct and indirect-- were included when computing 
solid waste disposal costs. One county reported that only direct 
costs were included in its estimate of collection costs if the ser-
vice was provided by equipment and employees of the country. 
For reporting purposes, this report is divided into two main 
parts: the preliminary investigation (State-of-the-Arts section) 
and the application of findings in developing and testing a mathe-
matical model (Results of Research section) designed exclusively for 
solid waste collection. 
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Solid -waste Management 
"Management" is defined as the process by which a cooperative 
group directs actions toward common goals (Massie 1964). The basic 
functions of management are: decision making, organizing, staffing, 
planning, controlling, communicating, and directing (Massie 1964). 
Solid-waste management (SWM) encompasses all the functions of manage-
ment as they relate to the collection, transportation, and ultimate 
disposal of refuse. 
The operational aspects of SWM are on-site storage, collec-
tion, transportation, and disposal. On-site storage relates to the 
method of accumulating and containing refuse (solid wastes) at the 
point of generation until the accumulation is removed from the site. 
Costs of on-site storage are usually borne by the party generating 
the refuse. The method and length of storage will depend upon the 
type of wastes and rate of generation. Putrescible wastes (mainly 
foods) must be stored in a manner that will exclude vectors and 
rodents, and must be removed frequently enough to prevent odors. 
Inert wastes, such as paper, glass, plastics, ashes, metal cans, and 
most industrial wastes, can accumulate longer, usually until fire 
hazards or nuisances are created. Unusual wastes, such as institu-
tional (hospital), toxic (insecticides), radioactive and demolition 
(construction) wastes, usually require special treatment for storage 
and disposal at the point of generatioh . Discarded appliances 
(automobiles, refrigerators, washing machines, etc.) also require 
special procedures. The familiar garbage can is the mode of con-
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tainment for the city dweller; the green plastic bag at home and 
the "green box" at the cross-roads are familiar scenes in rural 
areas. 
Collection activities include the removal of refuse from 
garbage cans, either at the curb or behind the house, and its re-
moval to the disposal site directly or to an intermediate collection 
point (transfer station). Refuse collection costs are significantly 
higher than disposal costs, mainly due to the high cost of collec-
tion vehicles (usually hydraulically-actuated compactors on wheels) 
and the high manpower involved. In general, collection activities 
in the city are carried out by government employees using govern-
/ 
ment-awned equipment; in suburban and rural communities, collection 
and delivery to the point of ultimate disposal is frequently pro-
vided by private owners operating under limited or unlimited fran-
chises. Collection vehicles range from open-bodied pickup trucks 
at about one cubic yard to complex vehicles that can dump green 
boxes by remote control. Crews range in number from one to six, 
often determined by curb-side or backyard pickup. 
Transfer stations are provided when haul distances are great. 
Facilities usually include provision for collection vehicles to dis-
charge their loads into hoppers that gravity-feed the holds of semi-
trailers or rail cars. Hydraulically actuated equipment is pro-
vided, either fixed or onboard, for compacting refuse to densities 
ranging from 800 to 1500 pounds per cubic yard and ranging up to 
100 cubic yards. One tractor will serve one or more over-the-road 
semi-trailers. One man is required to operate a fully automated 
transfer station. (For -pu-rposes of this report, the installation 
and operating costs of a transfer station are considered to be part 
of collection costs). 
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Ultimate disposal has taken many forms in prior years: open 
dumping, incineration (controlled and uncontrolled), swine feeding 
(for semi-liquid kitchen wastes), and composting. Pyrolysis 
(heating to approximately 1500~ in an inert atmosphere) is now 
being considered as a method of disposal of domestic wastes so that 
volatile components may be recovered for heating values. Recycling 
solid wastes to recover raw materials will reduce the volumes dis-
posed of; however, economics and government policies are not yet 
favorable. Options open to most municipal planners are either sani-
tary landfilling or incineration. 
Landfilling is simply the depositing of solids on the sur-
face or in a depression in the ground and the subsequent covering of 
it with soil. Not all landfills are "sanitary" landfills. In order 
for a landfill to fulfill EPA's criteria for "sanitary", provision 
must be made for: 
1. Having deposited wastes back-covered with at least six 
inches of fresh soil at the end of each day 
2. Having each cell of wastes back-covered and compacted 
• with at least 24 inches of fresh soil when full 
3. Monitoring and controlling leachate 
4. Preventing burning and blowing of refuse 
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5. Preventi.ng scavenging and other rmauthorized entry to 
the site 
6. Maintaining rodent, fly, dust, and odor control 
7. Maintaining a neat and orderly appearance of the site at 
all times (U.S. Environmental Protection Agency 1973) 
Cost Accqunting in the Private Sector 
Introduction 
Economic information in management format is the life-blood 
of private enterprise. Almost daily, owners of refuse collection 
companies are asking questions such as, "Are we breaking even on our 
routes on the South side of town?" Or, ''How low can our per-ton 
quote to the cormty be if we merely want to break even?" Answers to 
questions like these depend not only on accurate, detailed cost ac-
cormting data, but also on the cost accounting concept utilized by 
the accountant in treating these data. 
Basic Terms and Principles of Cost Accormting 
There are three kinds of business activity as viewed by the 
cost accountant: service, product-handling, and product-
manufacturing. This three-fold distinction is important because 
managerial problems differ and accounting reports must provide dif-
ferent kinds of information. In general, period costs for service-
oriented firms greatly exceed product costs. Refuse collection 
would seem to offer an exception to the general rule. Refuse col-
lection is considered labor-intensive and the costs of labor and 
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fuel can be closely associated with each load of solid waste deliv-
ered to the disposal site. 
The American Institute of Certified Public Accountants de-
fines "cost": 
Cost is the amount, measured in money, . of each expenditure 
or other property transferred, . capital stock issued·, ser-
vices performed, or a liability incurred in consideration 
of goods or services received or to be received (Fremgen 
1966). 
The measurability of the cost in dollars and cents is essential to 
the concept. Different accountants use different terms to describe 
the same concept of cost, and a single term may be used to denote 
different concepts. The terminology employed in this paper, taken 
from Fremgen (1966), appears to have attained a substantial degree 
of acceptance, and seems to be useful for the purpose at hand. 
Cost accounting is a method of accounting whereby there are 
assembled, recorded, and reported all of the elements of cost 
incurred to accomplish a purpose, to carry out an activity or oper-
ation, or to complete a measurable unit of work in connection wi.th a 
specific job (Harris 1955). Cost accounting seeks to determine 
and record the costs of goods and services consumed during a given 
period of time without regard to when they were proc~red or paid for. 
Cost Elements in a Manufacturing Enterprise 
The manufacture of a large and diverse line of products 
involves use of a wide variety of goods and services. For accounting 
purposes, each of these items is classified as either a manufacturing 
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cost or a non-manufactur~ng cost: 
1. Manufacturing cost elements are either materials, labor 
or overhead. Materials include a wide variety of categories (such as 
sheet steel) that are consumed in producing the product. These are 
commonly described as direct materials. Direct labor is the man-
power (welder) that is involved directly in producing the product. 
Manufacturing overhead may be simply defined as including manufac-
turing costs other than direct materials and direct labor. Items 
commonly included in this category include indirect materials 
(shipping containers), factory supplies (safety equipment), indirect 
labor (quality control inspectors), heat, power, depreciation, insur-
ance on factory equipment, and machinery repairs and maintenance. 
"Burden" is synomous with "manufacturing overhead". 
2. Non-manufacturing costs include: 
a. Administrative costs, which include both executive 
and clerical costs :which do not fit logically into some other 
classification. Examples are salaries of top managers and 
their office expenses, public relations, etc. 
b. Distribution costs, which are those costs incurred 
in the performance of a wide variety of activities, generally 
categorized as marketing. These include shipping, adver-
tizing, salesmens' salaries, etc. 
c. Research and development costs, which relate to the 
development of entirely new products, such as DuPont's "Or-
lon". The cost of improving the quality or productivity of 
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an existing product might be more appropriately termed over-
head. 
d. Financial costs consist primarily of interest costs 
of one type or another: bank service charges, stock and 
bond issue costs, etc. 
All costs incurred are identified with the particular busi-
ness enterprise, but for managerial decision-making purposes, it is 
common practice to associate costs with subcomponents of the firm. 
These segments are referred to here as 11 costing units 11 • A costing 
unit is simply anything within a business enterprise to which it is 
both significant and practical to assign costs. A costing unit might 
be designated as a product line, a division of a corporation, a 
department within a division, a sales territory, etc. 
There are two possibilities with respect to the relationship 
between a particular cost and a given costing unit. Certain costs 
can be traced logically and practically in their entirety to a 
costing unit; there is a directly determinable relationship. Such 
costs are called direct costs. There are other costs which can be 
associated in part with a costing unit, but not entirely. These are 
indirect costs. 
Another cost concept which bears on this discussion is op-
portunity cost. The opportunity cost of an economic good or service 
is the maximum amount which that good or service could yield if ap-
plied to some other purpose. Hence, opportunity cost is frequently 
defined as the revenue-foregone in the most advantageous alternative 
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application as a result of employing capital in its present use. The 
concept of opportunity cost is extremely important and useful to 
management in making decisions amo_ng alternatives. As a practical 
matter, however, it is normally impossible to identify with cer-
tainty the most advantageous alternative use of capital and, hence, 
impossible to determine opportunity cost, as such, quantitatively. 
Thus, practical business analyses must usually rely on such concepts 
as replacement cost and incremental cost to indicate the most advan-
tageous uses of capital (Harris 1955). 
Imputed costs are particular types of opportunity cost. 
They are costs not actually incurred in an exchange transaction but 
still relevant to a particular business operation. For example, 
the use of cash in the bank (as unpaid dividends, say) to increase 
inventory levels results in certain actual costs. Since cash was 
not borrowed, no actual interest payments will be made. However, if 
the cash on hand had been invested in some other way, it could have 
resulted in the receipt of interest revenue. This interest foregone 
is referred to as an imputed cost. An imputed cost is a real cost, 
even though current accounting practice would not record it in the 
accounts. 
Management Uses of Cost Data 
Business managers are continuously faced with decisions 
among two or more alternatives. There may be serveral alternatives, 
all of which are mutually exclusive; or, there may be the alterna-
tive of accepting or rejecting a single proposal. Regardless of the 
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degree of complexity of a p_articular decision, man.agement must ob-
• # - • • 
tain all the available information relative to the alternatives. 
This information will include, very importantly, cost data. It will 
also include many other facts which cannot be expressed quantita-
tively, as are cost data. While there is a great variety of cost 
data available within the firm, not all these data are likely to be 
relevant to the alternatives in a specific decision. Accountants, 
therefore, must be able to develop those cost data which are rele-
vant to the particular decision at hand and to report them to manage-
ment in a manner which will faciliate analysis of the alternatives 
and formulation of a decision. 
Although seldom mentioned by cost accountants, "profit" is 
considered a cost by economists. Without the promise of profit, en-
trepreneurs would not go into business; without profit, entrepreneurs 
do not stay in business. Profit is considered the venture-cost of 
enterprise. 
Probably the most important single decision which the man-
agement of a business enterprise must make is the setting of the 
price for the firm's products or services. Cost data are fundamental 
elements of the price-setting process. In a single-product firm, all 
of the costs incurred may be regarded as traceable to the one product. 
In setting a price for such a product, management would properly ex-
pect it to cover all the company's costs and provide a profit margin. 
For the multi-product firm, it must recover all relevant costs--both 
variable and fixed, both direct and indirect--plus making a profit 
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in the long run on all products or services offered. The contribu-
tion to profit for each -p;oduct or service must be reviewed peri-
odically. Those products that do not make a profit in the long run 
should be dropped. 
The Full Cost-Cost Recovery Concept 
Pricing decisions should be made in recognition of the need 
for the firm to cover all costs, at least in the long run. The 
covering of direct costs is only a starting point in the pricing 
decision process. The decision as to the price to quote on an invi-
tation to bid for providing refuse collection services to a munici-
pality should be viewed in very much the same way as the addition of 
another service. 
Full-cost recovery is a pricing policy used in private indus-
try as a basis for calculating selling prices of products and ser-
vices • . In setting prices, an item must not only cover all elements 
of cost, it must also include a profit factor--which some economists 
consider a cost, i.e., the incentive for entrepreneurship. 
Cost Accounting in the Publi.c Sector 
Private enterprises that employ modern management techniques 
have established accounting records that readily provide answers to 
economic questions. In order to survive, the profit-oriented organi-
zation must know the magnitudes of all significant relevant costs 
in order to decide how much to charge for its product or service in 
the market place. Another decision--usually called "make-or-buy"--
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that must be made is whether to make a sub-assembly in-house or to 
purchase on the outside; --or, how much one division ought to charge 
another division--usually called a "transfer cost"--for its services. 
Decision-makers in the public sector don't seem to be 
hampered by the lack of a complete picture of relevant costs. 
Clarity of cost reporting by private business is more strongly moti-
vated because: 
1. Generally, contribution to a private organization is 
strictly a voluntary act. It is of small concern to a person if he 
chooses not to be interested in a given private enterprise, for that 
organization will probably have little direct influence on him. 
2. An investor having little financial knowldege can 
use the reported profits test to measure the organization's results 
of pitting efforts (and costs) against accomplishments (and reve-
nues). The rule of thumb that a business reporting profits is one 
worth investing in has served otherwise uninformed investors rea-
sonably well (Lawrence 1972). 
Unfortunately, the same consolations are not available to 
the citizenery of governmental (non-profit) organizations such as 
the state, the school district or the city. In the first place, 
these organizations extend to their individual constituents an 
undeniable mandate to contribute funds (i.e., taxes). The citizen's 
funds are legally removed from him and as legally spent by the con-
cerned governmental organization. In the second place, the profit 
motive does not operate .as a measure of the quality of the govern-
18 
ment 's operations. Under present practices the "best" governmental 
unit is likely to be on·e -ihat ends the period with the least amount 
of unspent citizen's funds. Thus, the financially uninformed citi-
zen must contribute to an organization which generally regards the 
spending of the full amount of citizen dollars available as its 
prime measure of success. 
Lawrence continues: 
The traditional municipal accounting systemr-including 
reporting--centers on the spending of funds. The sys-
tem consists of the budget, the recording of expendi-
tures, and the comparative reporting of these two items. 
The system primarily serves as a mechanism for validating 
the expenditure records, and the resultant public reports 
merely absolve the municipal management of legal liability 
for them (Lawrence 1972). 
The need to know the full cost of each public service is increasing 
as tax dollars dwindle in size and technological alternatives of 
earlier years are - banned by environmental legislation. 
Library shelves are replete with manuals, handbooks, peri-
odicals, and textbooks that discuss cost accounting practices as 
applied in private business. Not so frequently, though, does one 
find a comprehensive treatment of the subj.ect as applied in the non-
profit organizations and to government. One useful document found 
was a manual prepared by Walter 0. Harris (1955) entitled, Municipal 
Public Works Cost Accounting Manual. The description of cost ac-
counting practices that follows is a condensation of that manual. 
The principal objectives of cost accounting ••• include 
the following: 
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1. To furnish information to the administrative officials 
which will help them manage the activities for which they are re~ 
sponsible 
2. To arrive at accurate costs to be used in securing ade-
quate and equitable reimbursement for services rendered 
3. To improve current budgeting and long-term planning 
4. To permit better reporting to the public, the legisla-
tive body, officials of other governments, and various interested 
agencies 
The application of cost accounting requires that the end re-
sults be measurable. Three functions which are most susceptible to 
the application of cost accounting are public utilities, institutions, 
and the construction, maintenance and operation of public works. 
Four basic steps are involved in designing a cost accounting 
system: 
1. Functions to be subjects of cost accounting must be de-
termined 
2. Cost eenters must be identified* 
3. Operations carried on within each cost center must be 
* Cost centers may be defined as delimited areas of activity into 
which the basic functions of an o.rganizational unit are divided to 
provide effective control of operations and costs. The delimitation 
of the areas of activity may be either physical, functional, or a 
combination of the two. A cost center is usually a distinct complex 
body of activity. Refuse Collection and Disposal might be designated 
as a cost center in the Sanitation Department. After the cost ac-
count. for the center has received all charges, including an alloca-
tion of the General Departmental Administration, the accumulated 
costs must be distributed as overhead to the other cost centers and 
operations involved in providing sanitation services. 
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identified 
4. Forms and procedures required to account for these acti-
vities must be created 
The things that a department does may be described as con-
struction, operation and maintenance. In providing these services, 
the department must hire people and purchase materials and utilities. 
It must also use buildings, various kinds of eqUipment and auxiliary 
services. Major services might include sanitation services and 
wastewater plant operation. Auxiliary services include engineering, 
equipment maintenance and automatic data processing. Major services 
provided by one cost center might be included in the list of auxil-
iary services "purchased" by another cost center. No charge is made 
by the cost center for the major service it renders to the public; 
e.g., Police Protection would not charge the thief for his apprehen-
sion. (However, the city might bill residents for refuse collection.) 
Auxiliary services are most commonly financed through the use 
of revolving funds. To establish a revolving fund, a transfer of 
cash must be made from other funds initially, usually the General 
Fund. The revolving fund is reimbursed by means of charges (inter-
divisional billing) to other cost centers (funds) for services ren-
dered. Under this plan, funds will be periodically deposited to the 
Equipment revolving fund as depreciation is recognized, thus pro-
viding monies for replacement equipment without the need for securing 
appropriations. Additionally, as distinguished from replacement, 
equipment must be financed initially from some other fund. 
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Some meaningful thoughts on cost accounting offered by other 
authors are presented. -T·e~ner and Lynn (1960) suggest that: 
Cost accounting • • . is directed to measurement of out-
put in terms of volume and the total cost of the service 
rendered to the public. It is the process of assigning all 
costs, direct and indirect, to services provided. Calcula-
tion of the unit cost of work done is the usual end-product 
of the process of costing. 
Mayer's (1968) thoughts, although directed to private enter-
prise, seem relevant if a city counsel was in the process of de-
ciding whether to incinerate or to landfill its solid wastes: 
The method for evaluating investment alternatives we 
shall consider is the uniform annual cost method. In this 
approach each alternative is described in terms of the 
investment it requires, its service life and salvage value, 
and the revenues and operating costs it is expected to 
generate. These data are then used to calculate the av-
erage or uniform annual cost to be associated with each 
alternative. The alternative with the lowest annual cost 
is considered, in the absence of any irreducible factors, 
to be the most economical one. 
Kohler (1964) further elucidates a method for calculating 
indirect costs: 
In order to allocate indirect costs, it is necessary to 
select a basis for allocation which serves as a common de-
nominator for units to be costed. The cost is then divided 
among the various units in proportions based upon this com-
mon denominator. For example, volume of goods handled is 
often used as a basis for allocating warehousing costs to 
products. 
Shillinglaw (1961) further points out that, at best, bur-
den rate (another term for "indirect cost") calculation is not an 
exact science: 
Unit costs determined partly by application of a burden 
rate are always approximations • • • Unit cost depends 
both on volume selected as the burden rate base and on the 
amount of cost to be included in the average. Different 
decisions on these questions will result in different unit 
costs, and no one method can be identified as being abso-
lutely "right" and others absolutely "wrong" • • • The 
most widely held view is that product cost should include 
a share of all ~ufacturing costs. Cost systems of this 
type are known as full-cost systems. 
The foregoing discussion has been aimed at telling how in-
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direct costs are computed. The following quotes from Fagerberg and 
Lawrence tell why indirect costs should be included in reports of 
cost presented to the taxpayer. Fagerberg (1974) states, 'tyou 
should request, and if necessary insist, that the composition of all 
the allocated charges be fully identified, that the precise basis for 
allocation be disclosed, and the split among all the beneficiaries 
(adding up to 100 percent) also be revealed." Lawrence (19 72) states, 
"Accountants are dedicated to the proposition that contributors to a 
fund should be informed about the uses of their funds in the clearest 
possible manner. Program budget formulation and reporting of govern-
mental expenditures would be a big step in that direction." 
The use of cost accounting is advantageous to a govern-
ment for a number of reasons. First, the information pro-
duced by cost accounting is very useful in preparing and 
supporting the budget. Second, the data produced may be 
used to determine whether operations are being carried on 
efficiently. Costs of the current period may be compared 
with those of the past to reveal both the fluctuations which 
have occurred and the reasons therefore. (Comparisons of any 
kind, but particularly those involving separate governments 
should be approached with caution because of the possibility 
of different bases being used in cost calculations.) Third, 
an accurate knowledge of costs permits the responsible offi-
cials to make valid decisions as to whether certain work 
should be done by city employees, equipment and facilities 
or by an outside contractor. Fourth, cost accounting per-
mits accurate determination of the cost of fixed assets 
constructed. Fifth, -i~ many cases a government bases 
charges on costs. Full knowledge is necessary to obtain 
full recovery. Sixth, cost accounting is useful in re-
porting to officials and the public on governmental op-
erations. The most interesting type of information which 
can be given to the citizens is the answer to their ques-
tion, "What did we receive for our taxes·?" The answer 
should be in terms of service rendered, not objects of 
expenditure (Tenner and Lynn 1960). 
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The cost accounting system must apply to the entire entity; 
it would not be possible for the sanitation department to accurately 
calculate the unit cost of collecting refuse or the unit cost of 
collecting dead animals unless the cost-accounting system included 
the entire organization. How can the full cost of services rendered 
to the collection group by the maintenance group be determined unless 
all relevant direct and indirect costs are included in the interde-
partmental charge? People are willing to pay reasonable costs for 
services received. 
Prior Work 
The University of California made an in-depth study of solid 
waste collection and disposal in California in 1950 (Ehlers and 
Steel 1965). The proposed elements of cost were discussed and pre-
sented in the form of a mathematical model: 
Total Operating 














c = Average tons · 6£ -refuse per trip, ton/trip 
h = initial cost of truck, $/ton 
i = interest rate on capital, $/ $-yr 
k = total number of truck trips per year, trip/ truck-year 
s = estimated useful life of collection truck, years 
m = total mileage per trip, miles/trip 
o = operation and maintenance of truck, $/mile 
g = total operating cost per truck per year, $/truck-year 
y = total operating cost per ton, $/ton 
Since the above expression gives the total operating cost 
per truck, the operating cost per ton may be obtained by dividing 
both sides of the expression by "ck," the number of tons of refuse 

























It should be noted that this model suggests that the only fixed 
charges that need to be considered are depreciation and interest. 
Results of a comprehensive survey conducted in 1964-65 by 
the American Public Works Association (APWA) (1966) in cooperation 
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with the United States Public Health Service are presented in Refuse 
Collection Practice. That survey indicated that all refuse collec-
tion agencies require some field reporting. While reports in some 
cities are limited to daily or weekly labor or payroll documents, in 
other places both labor and equipment use are reported regularly. 
Most recently, the Environmental Protection Agency, being 
aware of the inadequacies in cost accounting information throughout 
the nation relative to refuse, has initiated steps to assist public 
and private groups in setting up meaningful cost accounting systems 
intended to permit comparing unit costs from various sources. 
Two booklets on the subject were published by the U.S. En-
vironmental Protection Agency in 1971. The cost system structure 
and information flow--a slight modification of that proposed by Mr. 
Zausner--is presented in Figure 1. Zausner (1970) suggests that, 
"General overhead, which includes supervision, administration, and 
charges from other departments (payroll, accounting, other levels 
of sanitation department, etc.), could be allocated equally to each 
of the three cost centers (waste collection, waste disposal, and 
repairs and maintenance) or charged on the basis of the number of 
employees utilized at each cost center." Mr. Zausner's urging that 
all relevant costs be assigned to each cost center does not seem to 
have been accepted by many city councils as yet. Five-fold varia-
tions in collection cost-per-ton figures presented in ACT Systems' 
(1971) quarterly report to the Environmental Protection Agency indi-



































Fig. 1. Typical cost information flow subsystem 
Source: Zasner, Eric R. An Accounting Sys tern for Solid W·as te Collection, U.S. Environmental 









Integrating Zausner's (1970) concept of cost information flow 
and by expanding and rearranging the mathematical model offered by 
APWA, the following revi s.ed model emerges. 
Total Annual 




Direct Costs + 
($/yr) 






Detailed cost elements to be substituted into the right side 
of the equation are those shown in Table 1. This -approach is almost _ 
the reverse of the approach suggested by American Public Works Asso-
ciation (1966). 
T.ABLE 1 
ITEMIZATION OF DIREcr AND INDIRECT COSTS 
FOR REFUSE COLLECTION DEPARTMENT 
A. Direct Costs: 
1. Labor 
2. Parts 
3. Depreciation (or trust fund) 
4. Interest (explicit or imputed) 
5.. Supplies 
6. Equipment Rental 
7. Supervision 
8. Utilities 
9. Other departments 
(transfer costs) 
10. Rent 
11. License tags (imputed) 
12. Taxes (imputed) 
Real Estate (imputed) 
Fuel (imputed) 
13. Consultants 
TOTAL DIRECT COSTS 
B. Indirect Costs: 
1. City Hall (imputed, Rent 
utilities, security, 
custoidal, etc.) 
2. City Manager's Office 
3. Mayor's Office Expense 








12. Fringe Benefits 
TOTAL INDIRECT COSTS 
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TarAL ANNUAL COST OF SOLID WASTE DISPOSAL . -------
_ - CliAPTER III 
RESULTS OF RESEARCH 
Methodology 
Useful information from private and public sectors was syn-
thesized into a proposed mathematical model. The development of the 
proposed model and results that are produced when real-life data are 
used are discussed in the following paragraphs. 
Development of A Cost Accounting Model 
The cost accounting model reported is presented in tabular 
format and is used as an aid for pursuing the objectives of the 
study. This rationale is a cost-accounting concept and -is. given 
the form of data sheets, Tables 2, 3, 4, and 5. The concept is dif-
ferent from concepts presented in elementary texts on cost accounting 
--imputed costs are included as active cost elements in developing 
costs of collecting solid wastes. The forms, which further define 
the concept and provide the analytical tool, are not new to book-
keepers and cost accountants. 
The concept is ameanable to the American Public Works Asso-
ciation (1966) model, Zausner's (1970) model, and to the Zausner-
based, machine-readable format (ACT Systems 1972) used by the U.S. 
Environmental Protection Agency for recording, storing, and analyzing 
solid waste collection data from public and private organizations. 
No attempt was made to write a computer-based program fro the pro-
posed model. 
A discussion of the -purpose and use of each form follows. 
Discussion of Table 2: "Fact Sheet" 
The purpose of Table 2 is to present a summary view of the 
solid waste collecting organization (public or private) being ana-
lyzed: 
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Organization: The name of the city or private concern whose 
solid waste collection activities is being analyzed. 
Base Period: The calendar period of time during which data 
for the analysis were taken. 
Population Served: The estimated total population of the 
geographical area served by the organization. 
Area Served: The approximate number of square miles com-
prising the service area. 
Customers: The average number of stops (accounts) which must 
be made during each collection cycle. (The number of customers di-
vided by the area served gives an idea of the "density", or "distance 
factor" that each organization faces in providing the service. 
Total Organizational Employment: The average number of 
people on the organization's payroll. 
Solid Waste Collection Employees: That number of people 
working full time at the job of collecting refuse: drivers, toters, 
maintenance mechanics, clerks, dispatchers, and first line supervi-
sion. For small private concerns, the owner/manager is included if 




SOLID WASTE COLLECTION 
COST FACT SHEET 
Customers - Private: 
Total Organizational Employment: 
Solid Waste Collection Employees: 






Basis: --------- Tons collected per year 
Mobile Assets: 
Number of Collection Vehicles: Average Age: 
Initial Cost: $ 
Annual Cost PL/PD Insurance: 
Fixed Assets: 
Land: acres @ $/acre Estimated Value: 
Structures - Average Age: years Estimated Life: years 
First Cost: 
Insurance (Fire): 
Point of Collection: Curb Rear Both (Circle one) 
Frequency of Collection: 
Refuse: per week 
Rubbish: per week 
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managerial/administrative echelons, other functional groups, and 
supporting groups. 
Ratio, Collection/Total Employees: Self-explanatory. 
Basis: An estimate (annualized) of the number of tons of 
solid waste collected during a year. This number is used to cal-
culate the unit costs of collection. 
Mobile Assets: Information presented here relates only to 
moving equipment used primarily for collecting refuse. These data 
are used to calculate annual depreciation, book value and implied 
interest. Assumed life of collection vehicles is five years. 
Annual Cost PL/PD Insurance: Total annual cost of insuring 
moving equipment against collision, and public liability and pro-
perty damage. 
Fixed Assets: Information presented here related to sta-
tionery equipment and structures devoted primarily to collection: 
garages, transfer stations, and real estate. The useful life of 
structures is taken as 25 years; the useful life of stationery 
' equipment is taken as 10 years. Estimated value of real estate 
includes cost of improvements. 
Insurance (Fire): Self-explanatory. 
Point of Collection: The place where refuse collection 
crews expect to find containers, either at the curb or the rear of 
the house. 
Frequency of Collection: The number of times each week a 
residence must be visited. City ordinances usually require separa-
tion of garb_age (kitchen wastes) from rubbish (newspapers, trash, 
and other non-putrescible items). Garbage is usually picked up 
twice per week and rubbish once per week. 
Discussion of Tables 3 and 4: "Direct Costs 
and Indirect Costs" and "Capital Costs 
and Imputed Costs" 
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Table 3 "Direct Costs and Indirect Costs" and Table 4 "Capi-
tal Costs and Imputed Costs", provide for identifying all signifi-
cant elements of cost of solid waste collection and for displaying 
the dollars assigned to that cost for a given organization for 1973. 
The two tables are identical in structure; they are different only 
in content. The two tables will be discussed in concert. 
Discussion of vertical columns 
There are essentially two vertical columns: "Element of 
Cost", and "Costs of Collection". 
Element of cost 
This column provides for listing each significant type of 
cost incurred in the refuse collection activity. Elements of cost 
are grouped into four categories, each category decreasingly as-
signable to a given unit of refuse collected: direct costs, indi-
rect costs, capital costs, and imputed costs. 
Costs of collection 
Provision is made for recording yearly costs for different 
T.ABLE 3 
SOLID WASTE COLLECTION COSTS DIRECT 
COSTS- AND INDIRECT (X)STS 




























Total Indirect Costs 
lorganiz a tio~ 
L Name J 
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TABLE 4 
SOLID WASTE COLLECTION COSTS CAPITAL 
COSTS AND IMPUTED COSTS 
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L Name J 







Total Imputed Costs 
rorganizationl 
L Name J 
rorganizationJ 
L Name 
organizational entities for each element of cost. 
Discussion of ·horizontal rows- Elements of cost 
Direct costs 
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The major contributors to direct costs are labor and consum-
ables--gas, oil, tires, etc. Modern-day books of accounting provide 
for the daily recording of direct costs and quantity of refuse col-
lected. It is expected that data furnished by participating organi-
zations will be used "as is" to complete this protion of the form. 
Care must be exercised to make sure that costs of services (here 
identified as "direct" e. g., maintenance labor, spare parts, rental 
trucks, etc.) provided by supportive groups are consistently recorded 
as Direct and not under Indirect. Miscellaneous costs include such 
things as uniforms, trash bags, gloves, etc. "Labor" includes pay--
straight time and overtime--earned by .laborers and first-line super-
vision working full-time at solid waste collection. 
Indirect costs 
These are costs accumulated by other cost centers within the 
parent organization. Periodically, all of these costs are distrib-
uted among the various functional groups on the basis of a rational 
formula. Where these numbers are available from the organization, 
they will be used; where they are n~t, estimates will be generated 
by the author using some rational formula. Each element of indirect 
cost is discussed briefly. 
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Supervision. Includes an appropriate share of salaries of 
sanitation departlil.ent supe·rVi;·ion staff. When precise numbers are 
not available, estimates will be based on the ratio of the number of 
full-time collection employees to the total sanitation department 
employees. 
Fringe benefits. Includes payroll deductions and matching 
contributions for vacation, sick benefits, retirement, insurance, 
etc. Fifteen percent (15%) of direct labor will be used as an esti-
mate, if necessary. 
Taxes-property. -. Includes pro rata share- of all property -
taxes. The manpower ratio will be used for making estimates. Since 
public organizations do not pay property taxes, an estimate of such 
will be recorded under Imputed Costs. 
Licenses-vehicle • . Self-explanatory. Estimated license 
costs for publicly-owned collection vehicles will be recorded under 
Imputed Costs. 
Rent-office. Estimated rent for collection group offices. 
Actual rent for space for parking private collection vehicles will 
be included in Miscellaneous under Direct Costs; estimated rent for 
parking city-owned vehicles will be included in Rent under Imputed 
Costs. 
Utilities, telephone, postage and security. Pro rata allo-
cations of total costs for the entire organization will be made to 
Indirect Costs on some equitable basis, if need be. Ratio of em-
ployees may be best basis. 
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Administration. Includes pro rata share of salaries, rent 
utilities, heat, legal counsel, consultants, computer services, etc. 
for corporate headquarters or city hall, as the case may be. For 
cities, "rent" on city hall will be included in Rent rmder Imputed 
Costs. Other administrative costs are usually explicit--the Imputed 
Cost fraction are considered insignificant. 
Miscellaneous. Includes pro rata salaries and expenses of 
board of directors, and other appointed company officers for private 
organizations. For cities, salaries and expenses of elected offi-
cials (major and city council) and their appointees would be pro 
rated on the basis of manpower ratio and included in Administration 
under Imputed Costs. Includes costs of floating bond issues, refer-
enda, elections, etc. 
Capital costs 
These are the charges, real or imputed, for capital invested 
in refuse collecting facilities and equipment. 
Depreciation. The estimated cost of facilities and equip-
ment "consumed" annually in the collection of refuse. Where expli-
cit numbers are not available from participating organizations, es-
timates will be made using the following assumptions: 
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1. Straight line depreciation rate 
2. For vehicles: five-year useful life, 10% sal~age value 
3. For fixed equipment: ten-year useful life, 5% salvage 
value 
4. For structures: twenty-five year useful life 0% salvage 
value 
Depreciation is computed for privately-~and publicly--owned assets in 
the same manner. 
Interest. Interest is the charge, real or imputed, for the 
use of money. Interest on assets used in the collection of refuse 
is based on the book value (undepreciated residual): ten percent 
per annum for private collectors and five percent per annum for pub-
lic collectors. Interest, whether real or imputed, will be included 
in Interest under Capital Costs. 
Imputed costs 
A special type of opportunity cost, seldom reflected in books 
of account because they are more a construct of economists than of 
accountants. The author's argument for including imputed costs in 
estimating the cost of collecting a ton of refuse using city em- . 
ployees and city-owned equipment was presented earlier. Those real 
and -imputed costs considered applicable to solid waste collection 
are Legislative, Taxes, Licenses, Rent, and Interest. 
·Legislative. Included costs generated by elected and ap-
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pointed officials of the city: salaries, staff, office space, tra-
vel expenses, insurance, ·consultants, etc. A pro rata share of 
these real costs are allocated to refuse collection on the basis of 
manpower ratio: collection employees/total employment. 
Taxes. Includes the estimated equivalent of property taxes, 
gasoline taxes, and other fees paid by private collectors to the 
city, county, state, and nation. 
Licenses. Includes the estimated equivalent of vehicle tags 
which private collectors are required to purchase but public collec-
tors are not. 
Rent. A mix of real and imputed costs. Includes pro rata 
share of rent, heat, utilities, insurance, maintenance, etc. on 
city hall. 
Interest. Imputed, rather than actual. The interest that a 
private company would have to pay; i.e., "the cost of capital". 
Discussion of Table 5: "Summary" 
This form provides for summarizing solid waste collection 
cost data from foregoing detailed forms for each collector. One 
copy of this form will be completed for public collectors and one 
copy for private collectors. 
The form contains vertical columns. The column (on the left) 
is headed by Cost Category; major columns to its right provide for 








SOLID WASTE COLLECTION COSTS 
UNIT COST SUMMARY 
Organization: · . Organization: 
(Basis: _T/yr) (Basis: T/yr) 
Costs Unit Cost Costs Unit Cost 
($000/yr) ($000/yr) 
Dif Cum Dif Cum 
_§_ ' 1 $ 1 
T T T T 
Organization: 
(Basis: T/yr) 












headings of the columns and rows seem to be self-explanatory, with 
the exception of the minor columns headed by "Dif" and "Cum" under 
each "O.rganization": "Dif" is the abbreviation for "Differential" 
and "Cum" the abbreviation for "Cumulative". The differential co-
lumn provides for recording each organization's unit costs (dollars 
per ton) for each cost category. The cumulative column provides for 
simrning unit costs (dollars per ton) as unit costs for other cate-
gories are added to Direct Cost. The extreme right column, "Arith-
metic Average Unit Cost Cumulative" provides for recording the aver-
age unit cost for that group of respondents for the indicated cate-
gory of cost. 
Acquisition of Data 
Contacts with public officials in the Orlando, Florida, Stan-
dard Metropolitan Statistical Area indicated how refuse was being 
handled within the various political entities. 
In Orange County, refuse w~ being collected by some 23 pri-
vate companies operating under unlimited franchises issued by the 
County. Each operator could solicit and serve customers anywhere 
in the County. Each operator had the option of delivering refuse to 
one of two county-owned and county-operated transfer stations or 
directly to the county-owned and county-operated sanitary landfill 
(the landfill is an EPA-sponsored demonstration landfill). Each 
operator set and collected his fees for refuse pickup and paid the 
County's established rate for disposal. 
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The cities of Winter Park and Orlando each had its city-owned 
and city-operated solid waste collection system. Winter Park deliv-
ered its refuse to its city-owned transfer station. From there it 
was transported to the Orange County Sanitary Landfill in city-owned, 
75 cubic yard, hydraulically actuated compactor-type semi-trailers. 
The City of Orlando delivered its refuse to either its incinerators 
or to its landfill. Both cities combine fees for solid waste, water, 
and sewer into one monthly billing. 
Additional logistical details for each of the six respon-
dents is presented in the section that follows. 
Letters were sent to the directors of public works of 
Orlando -and Winter Park, Florida, requesting each to assist in the 
study, indicating the nature of the information needed, and re~ 
questing that a contact person be named if the decision to partici-
pate was favorable. Letters were also sent to the owner/manager of 
each of the private collectors requesting participation in the study. 
Enclosed in each letter was a proforma, pre-addressed postal card 
for indicating willingness to help in the survey and a proforma data 
sheet indicating the nature of the information desired. After con-
tacts with collectors in the Orlando Area were completed and before 
the report of research was finalized, the City of Winston-Salem, 
North Carolina, responded favorably to an informal invitation to 
assist, so data from that source were pooled with data from other 
sources. 
Responses from the municipalities were favorable. Five 
postal cards were received from the 23 private collectors: 4, fa-
* -vorable; 1, unfavorable. 
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Data acquisition from consenti?g collectors .was not easy and 
was extended much longer than anticipated. The motives of the author 
and his ability to protect company-confidential information were 
questioned initially; in fact, one ~wner who had responded favorably, 
admitted when contacted that the risk was too great and that he did 
not intend to divulge information of the nature requested in the 
letter. Obstacles to the acquisition of data consisted of one or 
more of the following: the author's inability to communicate what 
was desired, the nonexistence of the data, bookkeeping performed by 
external accountant, inability of working owners to keep appoint-
ments, imagined political (private and public) reaction to the end-
product numbers that ·study might . generate, books of account not 
designed to prorate costs of supportive services, etc. 
Planning meetings were held with managers or owners of re-
spending organizations. Several subsequent on-site visits were 
made to clarify what was being requested and/or to have the respon-
dent delimit data submitted. The designated representative of one 
of the cities, rather than withdrawing, became less and less acces-
sible as the questions became more penetrating; as a result, extran-
eous but relevant sources of data were used to fill gaps. If data 
*The low percentage response is attributed partially to the fact that 
the political clinate was poor at that time because the County of 
Orange had already informed its 23 franchisees that it was actively 
seeking ways to reduce competition, i.e., the number of franchisees. 
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from private collectors are "soft", it is due more to the lack of a 
sophisticated cost acconnti_ng system than to an nnwillingness to 
cooperate. 
Raw data as submitted by respondents are not incorporated 
into this report due to space limitations; however, they are being 
retained and will be available to the ·extent that promised anonymity 
will permit. Results have been summarized and appear in Tables 6 
thru 14. 
Discussion of Results 
As stated in Chapter I, the objective of this research was 
to: (1) develop a mathematical model that would place the reporting 
of solid waste collection costs, in both the private and public sec-
tors, on comparable bases; and (2) use the model to analyze solid 
waste collection costs in both sectors. Tables 6 thru 14, inclusive, 
present the . res~lts when the model was used to analyze cost data 
gathered from the public and private sectors. 
Inspection of the completed Fact Sheets (Tables 6, 7, and 8) 
will show many blanks existing for specified important bits of infor-
mation. This deficiency is due partly to the author's failure to 
clearly commnnicate to municipalities that the data were really sig-
nificant to the study and partly to additional work that would be 
required .by them to retrieve the information. These omissions in-
creased the difficulty of analysis and lowered precision when esti-
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mating capital costs. Fact Sheets (Table 2) . were developed and used 
in analyzi?g each of the three private collectors but were excluded 
from this report because of proprietary information they contained. 
Specific elements of cost that could not be accurately 
ass_igned to designated cost elements were pooled and included under 
Miscellaneous. In order that precise values be obtained for each of 
the specified elements of cost, a determined effort by a competent 
cost accountant would be required to recast existing data into the 
format suggested here. 
Alth~ugh there are omissions in the data sheets and there is 
a "softness" in the results, the proposed model is still felt to pro-
vide a methodology for computing solid waste collection costs more 
accurately than models proposed by others. 
TABLE 6 
SOLID WASTE COLLECTION COST 
FACT SHEET 
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Organization: Base Period: 73/74 B~dget 
WINSTON-SALEM, NORTH CAROLINA 
Population Served: 140,000 Area Served: 
Customers - Private: Commercial: 
Total Organizational Employment: 1591 
Solid Waste Collection Employees: 153 
Ratio, Collection/Total Employees: 9.6/100 
Basis: 88,000 T/yr 
Mobile Assets: 
Number of Collection Vehicles: Average Age: 
Initial Cost: $ 
Annual Cost PL/PD Insurance: 
Fixed Assets: 
Land: acres @ $/acre Estimated Value: 
.2 
IDl. 
Structures - Average Age: years Estimated Life: years 
First Cost: 
Insurance (Fire): 
Point of Collection: Curb Rear B (Circle one) 
Frequency of Collection: 
Refuse: 2 per week 
Rubbish: 1 per week 
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TABLE 7 
SOLID WASTE ·coLLECTION COST 
FACT SHEET 
Organization: 
WINTER PARK, FLORIDA 
Population Served: 
Customers - Private: 1,100 
Total Organizational Employment: 
Solid Waste Collection Employees: 49 
Ratio, Collection/Total Employees: 
Basis: 
Mobile Assets: 
Number of Collection Vehicles: 27 
Initial Cost: $ 305,000 
Annual Cost PL/PD Insurance: 
Fixed Assets: 
Land: 5 acres @ 10,000 $/acre 
Structures - Average Age: years 
First Cost: $150,000 
Insurance (Fire): 
Base Period: June, 1973 
Area Served: 
Commercial: 
Average Age: 3.6 yrs. 
.2 
IlU 
$50,000 Estimated Value: 
Estimated Life: 30 years 
Point of Collection: Curb Rear 8 (Circle one) 
Frequency of Collection: 
Refuse: 2 per week 
Rubbish: 1 per week 
TABLE 8 
SOLID WASTE COLLECTION COST 
FACT SHEET 
Organization: Base Period: FY 72/73 
ORLANDO, FLORIDA 
Population Served: 110,000 Area Served: 
Customers - Private: Commercial: 
Total Organizational E~loyment: 
Solid Waste Collection Employees: 173 
Ratio, Collection/Total Employees: 
Basis: 107,000 T/yr 
Mobile Assets: 
Number of Collection Vehicles: 39 Average Age: 3.9 yrs. 
Initial Cost: $604,000 
Annual Cost PL/PD Insurance: 
Fixed Assets: 
Land: acres @ $/acre Estimated Value: 
Structures - Average Age: years Estimated Life: years 
First Cost: 
Insurance (Fire): 
Point Collection: Curb Rear Both (Circle one) 
Frequency of Collection: 
Refuse: per week 
Rubbish: per week 
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TABLE 9 
SOLID WASTE COLLECTION COSTS DIRECT 
COSTS .AND INDIRE-CT COSTS 
Costs of Collection 
Element of Winston- Winte~ 
Cost - Salem Park 
Direct Costs: 
Operate 
Labor 896 287 
Cons umab les 256 105 
Miscellaneous 
Maintain 
Labor 100 24 
Spare Parts 13 6 
Total Direct Costs 1265 422 
Indirect Costs: 
Supervision 50 25 










Miscellaneous 5 3 














SOLID WASTE COLLE criON COSTS CAPITAL 
COSTS AND IMPUTED COSTS 
Costs of Collection 
Element of Winston- Winter 
Cost Salem Park 
Capital Costs: 
Depreciation 
Vehicles 83 33 




Total Capital Costs 108 37 
Imputed Costs: 
Legislative 109 36 
Taxes 13 4 
Licenses 8 3 
Rent 6 2 
Interest 27 9 




















SOLID WASTE COLLECTION COSTS 
UNIT COST SUMMARY 
Organization: Organization: 
Winston-Salem Winter Park 
(Basis: 88,000T/yr) (Basis: 20,900T/yr) 
Costs Unit Cost Costs Unit Cost 
( $000/yr) ($000/yr) 
Dif Cum Dif Cum 
1 1 1 1 
T T T T 
1265 14.37 14.37 422 20. 19 20. 19 
122 1.39 15.76 76 3.64 23.83 
108 1.23 16.99 37 1. 77 25.60 









1681 15.71 15.71 
248 2.32 18.03 
138 1.29 19.32 














SOLID WASTE COLLECTION COSTS DIRECT 
COSTS AND INDIRECT COSTS 
Costs of Collection ($000/yr) 
Element of Cost Company /18 Company 1115 Company 
Direct Costs: 
Operate 
Labor 173 463 143 
Cons umab les 29 41 20 
Miscellaneous 
Maintain 
Labor 9 37 16 
Spare Parts 8 59 16 
Total Direct Costs 219 600 195 
Indirect Costs: 
Supervision 20 31 16 










Miscellaneous 52 20 20 




SOLID WASTE COLLECTION COSTS CAPITAL 
(X)S TS AND IMPUTED COSTS 
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Costs of Collection ($000/yr) 
Element of Cost Company 118 Company 1/15 Company 1118 
Capital Costs: 
Deprecistion 
Vehicles 11 39 22 
Facilities 
Interest 
Vehicles 8 8 6 
Facilities 















SOLID WASTE COLLECTION COSTS 
UNIT COST SUMMARY 
Organization: Organization: 
COMP lillY liB COMP lillY 1115 
(Basis: 20,250T/yr) (Basis: 29,600T/yr) 
Costs Unit Cost Costs · Unit Cost 
( $000/yr) ($000/yr) 
Dif Cum Dif Cum 
1 1 1 1 
T T T T 
219 10.81 10.81 600 20.27 20.27 
103 5.09 15.90 113 3.82 24.09 
19 0.94 16.84 47 1.59 25.68 
Organization: 
COMP lillY 1/18 
(Basis: 9, 600T/yr) 





195 20.31 20.31 
68 7.08 27.39 













SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Sumry 
Although preparation and intended method of approach seemed 
practical and straight forward to the author, the magnitude of the 
task of gathering meaningful data was greatly underestimated. Even 
though every reasonable effort was made in advance to communicate 
(first in writing, then face-to-face) to designated points of con-
tact the intended scope and depth of the proposed study, and even 
though points of contact stated that respective books of account 
would make desired data easily .retrievable, repeated visits ·and 
telephone calls were necessary. 
Another difficulty grew out of the fact that contact was 
established with the operational side of each organization rather 
than with the financial (cost accounting) side. In only one instance 
(Winston-Salem) was a cost accountant brought into the analysis. 
This additional step degraded the quality of two-way communication. 
For the three cities analyzed, each had sophisticated,. computer-based 
cost accounting systems but direct access to management-level cost 
accountants had not been arranged; for the three private organiza-
tions, two retained external cost accountants and the other's in-
house cost accountant, when made available, had to manipulate his 
data to satisfy specific requests. 
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Direct contact with respondents had to be terminated in 
order to draft this report. As a result, some arbitrary assumptions 
and estimates had to be made in force-fitting acquired data into the 
chosen reporting format. No respondent has had the opportunity to 
review and to offer corrective comment. 
The stated objectives of the study were to develop and to 
test an improved mathematical model for determining costs of solid 
waste collection. A proposed model was developed and used to deter-
mine the cost of solid waste collection by six organizations: three 
public and three private. Results are summarized in Tables 3 and 4. 
The proposed model is an extension of Zausner's model to 
include imputed costs. Imputed costs are real costs that would have 
to be borne by private organizations doing the same job but which 
are not shown on books of account for municipalities. The model is 
given tabular form, as does Zausner; however, no attempt was made to 
extend tabular format to equation form. 
Public Sector 
Results of analyzing cost data presented by the cities of 
Winston-Salem, North Carolina, Winter Park, Florida, and Orlando, 
Florida, were presented in Table 11. Indicated unit costs for col-
lection for each of these cities is $1·8.84/T, $28.09/T, and $21.85/T, 
respectively, when Imputed Costs are included. Imputed Costs raised 
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the indicated unit cost 11%, 10%, and 13% respectively. Comparabili-
ty of the numbers is to be expected since Imputed Costs were derived 
by applying the same multipliers to primary data from each city. 
Private Sector 
Results of processing cost data from the three private refuse 
collectors in the Greater Orlando Area are summarized in Table 14. 
Unit costs vary from $16.84/T to $30.31/T. 
Accuracy 
In general, accuracy of data degrades progressively from 
Direct Costs to Imputed Costs; therefore, a comparison between groups 
(public and private) or within groups based on Direct Costs would be 
more reliable. Cumulative Unit Costs should be rounded off to three 
significant. figures for Direct Costs and to two significant figures 
when comparing Imputed Costs. 
Sample sizes (three public and three private) are tuo small 
to permit generalization at a high confidence level. 
Conclusions 
The following conclusions are derived from observations 
made during the study and from an analysis of results: 
1. Imputed Costs are about 10% Total Costs of collection 
2. There is diversity in bookkeeping methods, and it takes 
time for the novice to learn how each system is structured 
3. Managers of organizations, either public or private, are 
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reluctant to release internal cost data to outsiders 
4. There is no apparent significant difference in costs of 
collection between public and private groups if Direct Costs is used 
as the criterion if all relevant costs are considered, public col-
lection is cheaper than private 
5. The ratio of variable cost (Direct Cost) to fixed cost 
(Indirect, Capital, and Imputed) is about the same for both public 
and private collectors, 6:2 
6. From the standpoint of economics, it shouldn't make much 
difference to the citizen whether his refuse is collected by the city 
or by a private firm--the profit margin built into the private opera-
tor's service charge in a competitive market should more than offset 
Imputed Costs. Those public officials · responsible for public healt~ 
should be involved in deciding whether refuse should be collected 
privately or publicly. 
Recommendations 
Imputed costs should be included when developing the city's 
collection cost for comparison with bids from private enterprise. 
Further work should be devoted to the development of a 
computer-based program for calculating unit costs of collection when 
Imputed Costs are included. 
- - ~ --
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